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SUBSONIC  AERODYNAMIC  CHARACTERISTICS  OF  A MODEL 


OF  THE  HL-10  FLIGHT  RESEARCH  VEHICLE  WITH 
BASIC  AND  MODIFIED  TIP  FINS 

By  Linwood  W.  McKinney  and  Jarrett  K.  Huffman 
Langley  Research  Center 

SUMMARY 

The  results  of  a wind-txmnel  investigation  of  the  aerodynamic  characteristics  of  the 
basic  HL-10  configuration  and  with  two  leading-edge  camber  modifications  to  the  tip  fins 
are  presented.  The  investigation  covered  a Mach  number  range  from  0.35  to  0.90. 

The  investigation  showed  that  flow  separation  on  the  basic  HL-10  model  correlated 
to  a reasonable  degree  with  indications  of  flow  separation  on  the  basic  HL-10  flight  vehi- 
cle, with  auxiliary  flaps  in  the  subsonic  position.  Significant  reductions  in  the  regions 
of  flow  separation  were  obtained  for  either  of  the  two  modifications  to  the  tip  fins.  With 
the  auxiliary  flaps  in  the  subsonic  position,  both  fin  modifications  showed  marked 
improvements  in  the  roll  characteristics  at  Mach  numbers  from  0.35  to  0.70. 

The  resvilts  of  the  investigation  indicated  that  the  overall  static  aerodynamic  char- 
acteristics of  the  HL-10  with  auxiliary  flaps  in  the  subsonic  position  were  satisfactory 
with  either  of  the  two  fin  modifications  over  the  Mach  number  range  from  0.35  to  0.70. 
With  the  auxiliary  flaps  in  the  transonic  position,  the  static  aerodynamic  characteristics 
for  both  fin  modifications  are  generally  equivalent  to  those  of  the  basic  HL-10. 

INTRODUCTION 

The  results  of  development  wind-tunnel  tests  of  models  of  the  HL-10  lifting  reentry 
vehicle  concept  (ref.  1)  indicated  regions  where  the  longitudinal  stability  and  control  at 
high  subsonic  and  transonic  speeds  and  the  landing  performance  were  marginal.  These 
investigations  (refs.  2 to  5)  led  to  auxiliary  two-position  flaps  on  the  tip  fins  and  upper 
surface  of  the  elevens  and  a split  rudder  on  the  center  fin.  These  flaps  are  used  to  obtain 
maximum  boattailing  at  landing  approach  speeds  for  drag  reduction  and  are  deflected  out- 
ward at  high  subsonic  and  transonic  speeds  to  control  flow  separation  and  to  improve  lon- 
gitudinal stability.  The  results  of  wind-timnel  investigations  (included  in  this  paper)  indi- 
cated satisfactory  longitudinal  characteristics  with  utilization  of  these  flaps. 


The  first  flight  tests  of  the  HL-10  vehicle,  however,  made  with  the  flaps  in  the 
position  that  resulted  in  maximum  boattailing  indicated  a deficiency  in  the  lateral  control 
characteristics  at  sideslip  in  the  Mach  number  range  from  0.50  to  0.65.  Specifically,  the 
flight  record  showed  that  during  turn  maneuvers  in  which  a sideslip  angle  was  allowed  to 
develop,  the  aileron  effectiveness  decreased  to  near  zero.  Additional  wind-txmnel  tests 
were  made  to  evaluate  the  roll  control  problems  experienced  on  the  flight  vehicle. 

This  report  presents  the  results  of  the  wind-tunnel  data  on  the  basic  HL-10  with 
two  position  auxiliary  flaps,  and  the  results  of  tests  made  with  tip  fins  modified  to  alle- 
viate the  roll  control  problems  experienced  on  the  first  flight.  The  tests  were  made  on 
a 0.063-scale  model  and  covered  a Mach  number  range  from  0.35  to  0.90. 

SYMBOLS 


The  longitudinal  data  are  presented  about  the  stability  axes  and  the  lateral  data  are 
presented  about  the  body  axes.  The  reference  dimensions  used  in  computing  the  coeffi- 
cients were  model  projected  area,  length,  and  span.  The  moment  reference  used  corre- 
sponds to  the  nominal  center -of -gravity  location  of  53 -percent  body  length  as  shown  in 
figure  1.  The  symbols  used  in  the  paper  are  defined  as  follows: 


a speed  of  sound,  ft/sec  (m/sec) 

b reference  span  for  yawing-  and  rolling-moment  coefficients 


'D 


C 


m 


'n 


reference  chord  for  pitching -moment  coefficient 
Drag 


drag  coefficient. 


qS 


lift  coefficient, 

qS 

rolling-moment  coefficient,  — 

^ ’ qSb 

dC? 

rolling  moment  due  to  sideslip,  — per  degree 

9/3 

9C; 

rolling  moment  due  to  aileron  deflection,  per  degree 


pitching-moment  coefficient. 


95a 

Pitching  moment 
qSc 


yawing-moment  coelllclent,  Rawing  moment 

qSb 


2 


X,Y,Z  coordinate  axes 

Of  angle  of  attack,  deg 

^ angle  of  sideslip,  deg 

6a  aileron  deflection  angle,  deg 

6e  eleven  deflection  angle,  positive  with  trailing  edge  down,  deg 

6ef  eleven  flap  deflection  angle,  deg 

6if  tip-fin  inner  surface  flap  deflection  angle,  deg 

6of  tip-fin  outer  surface  flap  deflection  angle,  deg 
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rudder  deflection  angle,  deg 


6r 

6 included  angle  of  rudder  cross  section,  positive  when  left  and  right  surfaces 

are  divergent,  deg 


Subscripts: 

R right  surface 

L left  surface 

trim  trimmed  condition 


MODEL 

The  model  used  in  this  investigation  was  a 0.063-scale  model  of  the  HL-10  lifting- 
body  vehicle.  Design  concepts  for  the  basic  HL-10  are  presented  in  reference  1.  Geo- 
metric characteristics  of  the  basic  HL-10  model  are  presented  in  figure  1.  In  order  to 
obtain  improved  stability  characteristics  in  the  transonic  speed  range  and  increased  lift- 
drag  ratio  on  the  landing  approach,  the  HL-10  employs  two-position  flaps  on  the  tip  fins 
and  on  the  upper  surface  of  the  elevens  and  a split  rudder  on  the  center  fin.  Details  of 
these  flaps  are  given  in  figure  1(b).  In  the  landing -approach  configuration,  hereafter 
referred  to  as  the  subsonic  configuration,  the  movable  surfaces  are  retracted  to  provide 
maximum  boattailing  on  the  aft  section  of  the  vehicle.  Photographs  showing  the  subsonic 
configuration  with  maximum  boattailing  are  presented  in  figures  2(a)  and  2(b).  In  the 
high  subsonic  and  transonic  speed  range  where  the  flow  on  the  upper  surface  of  the  vehi- 
cle becomes  sonic,  the  movable  flaps  are  deflected  to  minimize  flow  separation  in  the 
region  of  the  control  surfaces.  The  HL-10  in  this  mode  is  hereafter  referred  to  as  the 
transonic  configuration.  Photographs  showing  the  flaps  in  the  transonic  configuration  are 
presented  in  figures  2(c)  and  2(d). 

In  order  to  improve  lateral  control  characteristics,  particularly  on  the  subsonic 
configuration,  two  modifications  to  the  fin  were  tested.  The  first  modification  (Mod  I) 
retained  the  original  tip  fin  planform  and  outer  surface  and  utilized  a built-up  inner  fin 
surface  to  obtain  a cambered  section  in  the  streamwise  direction,  A sketch  of  the  Mod  I 
fin  section  is  shown  in  figure  3(a)  and  photographs  of  the  fin  are  shown  in  figures  3(b) 
arid  3(c).  The  second  tip  fin  modification  (Mod  II)  had  an  extended  fin  leading  edge 
deflected  outboard  to  achieve  a cambered  inner  surface  in  the  streamwise  direction. 

A sketch  of  the  Mod  II  fin  section  is  shown  in  figure  4(a)  and  photographs  are  shown  in 
figures  4(b)  and  4(c). 
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TEST  AND  CORRECTIONS 


The  tests  were  made  in  the  Langley  high-speed  7-  by  10 -foot  wind  tunnel  over  a 
Mach  rai^e  from  0.35  to  0.90.  The  test  Reynolds  number  varied  from  2,7  x 10®  at  a 
Mach  number  of  0,35  to  4.0  x 10®  at  a Mach  number  of  0.90,  (See  fig,  5.)  All  configura- 
tions were  tested  over  an  angle -of -attack  rai^e  from  0°  to  26°  at  0°  sideslip  and  selected 
configurations  were  tested  at  ±5°  of  sideslip  over  the  angle -of -attack  range  and  through 
a sideslip  range  from  +8°  to  -8°  at  selected  angles  of  attack.  Corrections  due  to  bending 
of  the  sting  and  balance  support  system  imder  load  have  been  applied  to  the  angles  of 
attack  and  sideslip.  The  jet -boundary  corrections  to  the  angles  of  attack  were  applied 
by  the  method  of  reference  6.  The  effect  of  model  blockage  was  accounted  for  by  the 
method  of  reference  7.  The  drag  data  presented  are  imcorrected  for  base  pressure, 

PRESENTATION  OF  RESULTS 

The  results  of  the  investigation  are  presented  in  the  following  figures: 

Figure 

Basic  fin  configuration; 

Auxiliary  flaps  in  subsonic  position: 

Longitudinal  characteristics: 

Effect  of  elevon  deflection 6 

Effect  of  aileron  deflection 7 

Effect  of  deflecting  inner  fin  surface  flap 8 

Effect  of  rudder  deflection 9 

Effect  of  combined  rudder  and  sideslip 10 

Lateral  directional  characteristics: 

Effect  of  aileron  deflection 11 

Effect  of  rudder  deflection 12 

Effect  of  sideslip 13 

Effect  of  combined  rudder  and  sideslip 14 

Effect  of  sideslip  sweeps)  15 

Auxiliary  flaps  in  transonic  position: 

Longitudinal  characteristics: 

Effect  of  elevon  deflection 16 

Lateral  directional  characteristics: 

Effect  of  sideslip  angle 17. 

Effect  of  aileron  deflection  18 

Effect  of  rudder  deflection 19 
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Figure 


Modification  I fin  configuration: 

Auxiliary  flaps  in  subsonic  position: 
Longitudinal  characteristics: 

Effect  of  elevon  deflection  . 

Effect  of  sideslip  angle 

Effect  of  aileron  deflection  ....... 

Effect  of  combined  aileron  and  sideslip  . 
Lateral  directional  characteristics: 

Effect  of  aileron  deflection  ....... 

Effect  of  sideslip  angle  ......... 

Effect  of  combined  aileron  and  sideslip  . 

Effect  of  sideslip  (/3  sweep) 

Auxiliary  flaps  in  transonic  position: 
Longitudinal  characteristics: 

Effect  of  elevon  deflection 

Effect  of  sideslip  angle 

Effect  of  aileron  deflection 

Effect  of  combined  aileron  and  sideslip  . 
Lateral  directional  characteristics: 

Effect  of  aileron  deflection 

Effect  of  sideslip  

Effect  of  combined  aileron  and  sideslip  . 
Modification  II  fin  configuration: 

Axixiliary  flaps  in  subsonic  position: 
Longitudinal  characteristics: 

Effect  of  elevon  deflection  ........ 

Effect  of  sideslip  angle  

Effect  of  aileron  deflection 

Lateral  directional  characteristics: 

Effect  of  aileron  deflection 

Effect  of  sideslip  angle  

Effect  of  combined  aileron  and  sideslip  . 

Effect  of  sideslip  (|3  sweeps) 

Auxiliary  flaps  in  transonic  position: 

• Longitudinal  characteristics: 

Effect  of  elevon  deflection . . 

Effect  of  sideslip  angle  ......... 

Effect  of  aileron  deflection  ....... 

Effect  of  combined  aileron  and  sideslip  . 
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Figure 


Lateral  directional  characteristics: 

Effect  of  aileron  deflection 48 

Effect  of  sideslip 49 

Effect  of  combined  aileron  and  sideslip  50 

Asymmetric  deflection  of  auxiliary  flaps: 

Longitudinal  characteristics 51  to  56 

Lateral  directional  characteristics 57  to  62 

Summary  results: 

Auxiliary  flaps  in  the  subsonic  position: 

Variation  of  rolling-moment  coefficient  with  sideslip  angle  for 

basic  fin  configuration  63 

Variation  of  rolling-  and  yawing-moment  coefficients  with  sideslip 

angle  for  modification  I fin  configuration  64,  65 

Variation  of  rolling-  and  yawing-moment  coefficients  with  sideslip 

angle  for  modification  n fin  configuration  66,  67 

Comparison  of  the  trimmed  lateral  control  characteristics  for 

the  three  tip  fin  configurations 68 

Comparison  of  the  trimmed  lateral  directional  stability 

characteristics  for  the  three  tip  fin  configurations 69 

Comparison  of  the  trimmed  longitudinal  characteristics  for 

the  three  tip  fin  configurations  70 

Auxiliary  flaps  in  the  transonic  position: 

Variation  of  rolling-  and  yawing-moment  coefficients  with  sideslip 

angle  for  modification  I fin  configuration 71 

Variation  of  rolling-  and  yawing-moment  coefficients  with  sideslip 

angle  for  modification  II  fin  configuration 72 

Comparison  of  the  trimmed  lateral  directional  stability 

characteristics  for  the  three  tip  fin  configurations 73 

Comparison  of  the  trimmed  lateral  control  characteristics  for 

the  three  tip  fin  configurations  . 74 

Comparison  of  the  trimmed  longitudinal  characteristics  for 

the  three  tip  fin  configurations  75 

DISCUSSION 

This  paper  presents  the  results  of  wind-tunnel  tests  made  to  evaluate  configuration 
changes  for  the  HL-10  lifting -body  research  vehicle.  These  changes  were  aimed  at  aero- 
dynamic refinements  in  three  specific  areas.  These  areas  are  (1)  improvement  of  lift- 
drag  ratio  for  landing  approach  (figs,  6 to  15),  (2)  improvement  of  longitudinal  stability  at 
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high  subsonic  speeds  (figs.  16  to  19)^  and  (3)  improvement  of  lateral  control  character- 
istics (figs.  20  to  50). 

The  development  of  the  two -position  auxiliary  flaps  and  the  extent  to  which  these 
flaps  were  effective  in  improving  the  lift -drag  ratio  for  landing  approach  and  the  longitu- 
dinal stability  at  high  subsonic  speeds  are  discussed  in  detail  in  references  2 to  5.  The 
discussion  presented  here  is  primarily  concerned  with  the  development  of  the  fin  modifi- 
cations for  improved  lateral  control. 

Subsonic  Configuration 

Lateral  directional  characteristics.  - As  pointed  out  in  the  Introduction,  the  first 
flight  tests  of  the  HL-10  lifting -body  research  vehicle  indicated  a deficiency  in  the  lateral 
control  characteristics  at  sideslip  with  the  flaps  in  the  subsonic  position  (subsonic  con- 
figuration) at  Mach  numbers  from  0.50  to  0.65,  at  an  angle  of  attack  of  approximately  17°. 
Wind-tunnel  tests  were  made  at  an  angle  of  attack  of  17°  through  a range  of  sideslip 
angles  for  longitudinal  control  settings  6e  from  -5°  to  -20°  at  Mach  numbers  from  0.35 
to  0.80.  The  variation  of  with  /3  for  these  tests  is  shown  in  figure  63  for  5a  = 0° 
and  6a  = 10°.  The  range  of  pitch  control  deflections  6e  are  those  required  for  trim 
at  angles  of  attack  from  approximately  -1°  at  6g  = -5°  to  28°  at  6q  = -20°.  A value 
of  6g  = -15°  is  near  the  required  value  for  trim  for  the  data  of  figure  63.  Although  a 
complete  loss  of  roll  control  is  not  shown  in  the  data  of  figure  63  at  Mach  numbers  of  0.7 
and  below,  irregularities  in  the  rolling -moment  characteristics  are  apparent  at  sideslip 
conditions.  Visual  observations  of  the  boundary -layer  flow  by  use  of  a fluorescent  oil 
technique  showed  that  regions  of  separated  flow  existed  over  the  inner  fin  surface  and 
pitch  controls.  Boundary -layer  flow  observations  made  during  other  tests  indicated  the 
separated  flow  originated  near  the  fin  leading  edge  and  spread  over  nearly  the  entire 
inner  surface  of  the  tip  fins  as  the  angles  of  attack  were  increased  to  the  moderately  high 
angles  of  interest.  It  was  also  observed  that  the  flow  separation  spread  to  envelop  the 
elevens  to  a varying  degree,  dependent  on  the  sideslip  angle.  Since  the  separated  flow 
appeared  to  originate  near  the  fin  leading  edge,  two  modifications  to  the  tip-fin  airfoil 
section  which  reduced  the  local  slopes  in  the  region  of  the  fin  leading  edge  were  tested. 
(See  figs.  3 and  4.)  Both  modifications  were  effective  in  significantly  reducing  the  amount 
of  flow  separation  on  the  inner  fin  surface  and  elevons. 

The  variations  of  rolling-  and  yawing-moment  coefficient  with  sideslip  angle  at 
several  eleven  settings  for  fin  modification  I (Mod  I)  at  an  angle  of  attack  of  17°  are 
shown  in  figure  64.  A comparison  of  the  rolling-moment  data  of  figure  64  with  the  data 
of  figure  63  indicates  improvements  over  the  basic  HL-10  in  both  rolling  effectiveness 
of  the  ailerons  and  the  linearity  of  the  variation  of  with  jS  for  Mach  numbers 
from  0,35  to  0,70.  The  data  also  indicate  satisfactory  yawing -moment  characteristics 
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(figs.  64(f)  to  64(j)).  The  variation  of  and  with  /3  at  o!  = 7°  for  Mod  I is 
shown  in  figure  65,  for  an  elevon  angle  of  6e  = -10°  which  is  near  the  value  required 
for  trim  at  this  angle  of  attack.  Comparable  data  for  the  basic  HL-10  were  not  obtained 
but  the  level  of  rolling  effectiveness  with  sideslip  appears  to  be  satisfactory  at  Mach 
numbers  of  0.70  and  below. 

The  variation  of  rolling  moment  and  yawing  moment  with  sideslip  for  Mod  II  is 
shown  in  figures  66  and  67  for  a = 17°  and  a = 7°,  respectively,  A comparison  of 
these  data  with  the  data  of  figure  63  indicates  essentially  the  same  level  of  improvement 
in  rolling  effectiveness  with  sideslip  angle  over  the  basic  HL-10  configuration  as  did 
Mod  I.  The  roll  control  effectiveness  is  unsatisfactory  for  both  modifications  at  a Mach 
number  of  0.80. 


The  effects  of  the  fin  modifications  on  lateral  control  characteristics  through  the 

angle-of -attack  range  are  summarized  in  figure  68  as  plots  of  C;.  and  against 

t-Oa 

trimmed  angle  of  attack  at  /3  = 0°  and  ±2.5°.  Improvements  in  the  lateral  control  effec- 
tiveness C;^  over  the  basic  configimation  are  shown  for  both  fin  modifications  at 

)3  = 0°.  The  modified  fin  configurations  show  only  small  effects  of  sideslip  on  the  roll 

control  effectiveness  at  Mach  numbers  from  0.35  to  0.60.  At  a Mach  number  of  0.70,  a 

significant  reduction  of  roll  control  effectiveness  at  moderate  angles  of  attack  is  noted, 

particularly  at  positive  /3.  Mod  II  appears  slightly  superior  to  Mod  I in  this  respect. 

Although  the  variation  of  C;  just  discussed  appears  to  be  satisfactory,  examination 

‘-Oa 

of  the  basic  data  indicates  that  the  value  of  depends  on  elevator  angle,  sideslip 

angle,  and  the  range  of  aileron  angles  considered,  and  that  localized  regions  of  zero  roll 
control  effectiveness  exist  at  M = 0.70  for  both  modifications  at  out -of -trim  elevon 
settings.  Comparable  data  for  the  basic  HL-10  were  not  obtained. 


The  lateral  directional  stability  parameters  and  Cn^  of  both  modifications 

are  compared  with  the  basic  HL-10  in  figure  69  through  the  Mach  number  range  as  a 
function  of  trimmed  angle  of  attack.  The  trends  of  Cn^  with  angle  of  attack  shown  in 
the  basic  data  are  depicted  in  the  fairing  of  the  trimmed  points.  The  lateral  directional 
characteristics  for  the  two  modifications  appear  to  be  satisfactory.  The  characteristics 
of  Mod  II  are  roughly  equivalent  to  those  of  the  basic  HL-10  whereas  Mod  I shows  some- 
what lower  directional  stability  at  low  to  moderate  angles  of  attack.  The  trimmed  points 
for  the  basic  HL-10  are  not  sufficient  for  a detailed  comparison. 

Longitudinal  characteristics.  - The  longitudinal  characteristics  are  summarized  as. 
curves  of  trimmed  values  of  L/D,  Cl,  and  6e  required  for  trim  and  are  compared  in 
figure  70.  Both  modifications  resulted  in  higher  maximum  values  of  L/D,  presumably 
because  of  reduced  flow  separation,  although  both  modifications  required  larger  trailing- 
edge-up  elevon  settings  for  trim  than  the  basic  fin  configuration. 
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Transonic  Configuration 


Lateral  directional  characteristics.  - The  variation  of  and  Cj^  with  ^ is 
shown  in  figure  71  at  o!  = 7°  and  a = 17°  for  the  Mod  I fin  configuration  with  the  aux-- 
iliary  flaps  in  the  transonic  position.  The  eleven  settings  were  near  trim  for  the  respec- 
' tive  angles  of  attack.  The  variations  of  rolling-  and  yawing-moment  coefficients  with  j3 
are  linear  and  the  roll  control  power  appears  to  be  adequate.  Comparable  data  for  the 
. Mod  II  fin  configuration  are  shown  in  figure  72  for  a.  = 17°  and  indicate  about  the  same 
trends. 

The  lateral  directional  parameters  as  a function  of  trimmed  angle  of  attack  are 
summarized  in  figure  73.  These  data  indicate  that  both  fin  modifications  result  in  lateral 
directional  characteristics  for  the  transonic  configuration  that  are  about  equivalent  to  the 
basic  configuration.  The  Mod  I configuration,  however,  generally  has  lower  static  direc- 
tional stability.  The  lateral  control  parameters  C^^  and  Cj^^  are  summarized  in 

figure  74  for  Mod  I and  Mod  II,  respectively.  No  significant  effect  of  the  fin  modifications 
on  C^g  is  shown  at  Mach  numbers  of  0.80  and  below;  however,  at  M = 0.90  the  curve 

at  /3  = -2.5°  (fig.  74(a))  for  Mod  I appears  to  be  somewhat  low  in  the  trimmed  angle-of- 
attack  range  from  about  10°  to  20°. 

Longitudinal  characteristics.  - The  effects  of  fin  modifications  on  the  longitudinal 
characteristics  of  the  transonic  configuration  are  summarized  in  figure  75.  No  signifi- 
cant changes  in  L/D  and  trimmed  Cl  are  shown  as  a result  of  fin  modification.  Both 
modifications  require  larger  positive  60  (trailing  edge  up)  for  trim. 

SUMMARY  OF  RESULTS 

A wind-timnel  investigation  of  the  aerodynamic  characteristics  of  the  basic  HL-10 
configuration  and  with  two  leading-edge  camber  modifications  to  the  tip  fins  has  been 
made  and  the  following  results  are  indicated: 

1.  The  basic  HL-10  with  auxiliary  flaps  in  the  subsonic  position  showed  areas  of 
flow  separation  which  correlated  to  a reasonable  degree  with  indications  of  flow  separa- 
tion on  the  basic  HL-10  flight  vehicle. 

2.  With  the  auxiliary  flaps  in  the  subsonic  position,  both  fin  modifications  showed 
marked  improvements  in  roll  control  effectiveness  and  the  variation  of  rolling  moment 
with  sideslip  for  Mach  numbers  0.35  to  0.70  compared  with  the  basic  HL-10.  With  either 
fin  modification,  however,  the  roll  control  effectiveness  at  a Mach  number  of  0.70  is  con- 
siderably less  than  that  at  the  lower  Mach  numbers.  At  a Mach  number  of  0.80,  the  roll 
control  effectiveness  is  unsatisfactory  with  both  modifications. 


10 


3.  With  the  exception  of  directional  stability,  neither  fin  modification  showed  any 
degradation  in  static  aerodynamic  characteristics  over  the  basic  HL-10  for  the  auxiliary 
flaps  in  the  subsonic  position.  In  some  cases,  however,  the  data  for  the  modifications 
are  more  complete  than  the  data  for  the  basic  HL-10  and  detailed  comparisons  are  not 
possible. 

4.  The  directional  stability  for  fin  modification  II  was  essentially  equivalent  to  that 
of  the  basic  HL-10.  Fin  modification  I caused  some  reduction  in  directional  stability  at 
low  and  moderate  angles  of  attack. 

5.  Both  of  the  fin  modifications  showed  significant  reductions  of  the  regions  of  flow  - 
separation  on  the  wind-tunnel  model  with  auxiliary  flaps  in  the  subsonic  position. 

6.  The  static  aerodynamic  characteristics  of  the  HL-10  with  both  modified  fin  con-  ' 
figurations  and  the  auxiliary  flaps  in  the  transonic  position  are  generally  equivalent  to 
the  basic  HL-10  with  the  exception  of  roll  control  effectiveness.  Fin  modification  I 
shows  a loss  in  roll  control  effectiveness  at  a Mach  number  of  0.90  at  negative  sideslip 
angles.  Modification  II,  however,  shows  no  significant  effect  of  sideslip  on  roll  control 
effectiveness. 

7.  The  overall  static  aerodynamic  characteristics  of  the  HL-10  with  the  auxiliary 
flaps  in  the  subsonic  position  are  indicated  by  the  wind-tunnel  results  to  be  satisfactory 
with  either  of  the  two  fin  modifications  over  the  Mach  number  range  from  0.35  to  0,70. 
Modification  H appears  to  be  superior  to  modification  I in  several  minor  respects. 

8.  With  the  auxiliary  flaps  in  the  transonic  position,  the  data  indicate  modification  H 
to  be  superior  to  modification  I in  roll  control  effectiveness  at  Mach  numbers  from  0.60 
to  0.90. 

The  fin  modification  designated  herein  as  modification  II  has  been  incorporated  on 
the  HL-10  lifting-body  flight  research  vehicle. 

Langley  Research  Center, 

National  Aeronautics  and  Space  Administration, 

Hampton,  Va.,  September  23,  1970. 
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Figure  1.-  Geometric  characteristics  of  basic  HL-10  model. 
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(b)  Three-quarter  rear  view  (subsonic  configiu’ation).  L-65-6178 
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(b)  HL-10  model  with  modification  I fins. 
Figure  3.-  Continued. 
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(c)  Closeup  of  modification  I fin.  L-68-5269 


Figure  4.-  HL-10  tip  fin  modification  II. 
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(b)  HL-10  model  with  modification  H fins.  L-68-5268 

Figure  4.-  Continued. 
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(c)  Closeup  of  modification  n fins.  L.-70-4782 
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Figure  5.-  Variation  of  test  Reynolds  number  with  Mach  number. 
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Figure  6.  - Longitudinal  characteristics  of  the  model  with  basic  fin  configuration.  Auxiliary  flaps  in  the 

subsonic  position;  6a  = /3  = 0°. 
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Figure  6.-  Continued. 
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Figure  6.-  Continued. 
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Figure  6.-  Continued. 
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Figure  6.-  Concluded, 


Figure  7.-  Longitudinal  characteristics  with  ailerons  deflected.  Basic  fin  configuration;  auxiliary  flaps  in  the 

subsonic  position;  j3  = 0®. 
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Figure  7.-  Continued. 


Figure  7.-  Continued. 
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Figure  7.-  Continued. 
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Figure  7.-  Continued. 


Figure  7.-  Continued. 


Figvtre  7.-  Continued. 
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Figure  7.-  Continued. 


Figure  7.-  Continued. 
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Figure  7.-  Continued. 
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Figure  7.-  Continued. 
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Figure  7.-  Continued. 


44 


Figure  7.-  Continued. 


Figure  7.-  Continued, 
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Figure  7.-  Continued, 


Figure  7.-  Continued, 
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Figure  7.-  Continued. 
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Figure  7.-  Continued. 


50 


Figure  7.-  Concluded. 
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Figure  8.-  Effect  of  tip  fin  inner  surface  flaps  deflection  6y  on  the  longitudinal  characteristics  of  the  HL-10  with 
the  basic  fin  configuration.  Auxiliary  flaps  in  the  subsonic  position;  jS  = 0°. 
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Figure  8.-  Continued. 
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Figure  8.-  Continued. 
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Figure  8.-  Continued. 
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Figure  8.-  Continued. 
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Figure  8.-  Continued. 
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Figure  8.-  Continued. 
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Figure  8.-  Continued. 
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Figure  8.-  Continued. 


Figure  8.-  Continued. 


Figure  8.-  Continued. 


Figure  8.-  Continued. 


Figure  8.-  Continued. 
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Figxire  8.-  Continued. 
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Figure  8.-  Concluded. 
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configuration.  Auxiliary  flaps  in  the  subsonic  position; 


Figure  9.-  Continued. 


Figure  9.-  Continued. 
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Figure  9.-  Continued, 


Figure  9.-  Continued. 


Figure  9.-  Continued. 


Figure  9.-  Concluded. 
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(g)  6e=-10°;  M=0.50. 
Figure  11.-  Continued. 
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(j)  6e=-10°;  M=0.80. 
Figure  11.-  Continued, 
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(k)  5e  = -15°;  M = 0.35 
Figure  11.-  Continued. 
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(1)  6e  = -15°;  M=0,50. 
Figvire  11.-  Continued. 
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))  6e  = -20°;  M = 0.35, 
Figure  11.-  Continued. 


;)  6e=-20°;  M=0.80, 
Figure  11.-  Concluded. 


(a)  6e  = -10°;  M = 0.35. 

Figure  12.  - Effect  of  rudder  deflection  on  the  lateral  directional  characteristics, 
fin  configuration;  auxiliary  flaps  in  the  subsonic  position;  ^ = 6^  = 0°. 
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a,  deg 

) 6e  = -10°;  M = 0.80. 
Figure  12.-  Continued. 


i)  6e  = -15°;  M = 0.60, 
Figure  12.-  Continued, 
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a,  deg 

(j)  6e  = -15°;  M=0.80, 
Figure  12.  - Concluded. 


a,  deg 

(a)  6e  = -5O;  M = 0.35. 

Figure  13.-  Effect  of  sideslip  on  the  lateral  directional  characteristics.  Basic  fin 
configuration;  auxiliary  flaps  in  subsonic  position. 


121 


-5  0 5 10  15  20  25  30 

a,  deg 


122 


(b)  6e=-5°;  M=0.50 
Figrire  13.-  Continued. 
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-5  O 5 10  15  20  25  30 

a, deg 

(c)  6e  = -5°;  M = 0,60. 

Figure  13.-  Continued. 
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-5  O 5 !0  15  20  25  30 

a, deg 


(d)  6e  = -5°;  M = 0.70. 
Figure  13.-  Continued. 
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(e)  6e  = -5°;  M = 0.80, 
Figure  13.-  Continued. 
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(f)  6e=-15®;  M=0.35 
Figure  13.-  Continued. 


a, deg 
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(h)  6e  = -15°;  M = 0.60 
Figure  13.-  Continued. 
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(i)  6g  = -15°;  M = 0.70. 
Figvire  13.-  Continued. 
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(j)  6e  = -15°;  M = 0.80. 
Figure  13.-  Concluded. 


(a)  6e  = -5°;  M = 0.35. 

Figure  14.  - Effect  of  combined  rudder  deflection  and  sideslip  on  the  lateral  directional 
characteristics.  Basic  fin  configuration;  auxiliary  flaps  in  the  subsonic  position; 

6r  = 200;  ^ ^ 5^  0°. 


c)  6e  = -5°;  M = 0.60 
Figure  14.-  Continued. 


e)  6e=-5°;  M=0.80 
Figure  14.-  Continued. 


1)  6e=-15°;  M=0.35. 
Figure  14.  - Continued. 
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(a)  M = 0.35. 

Figure  15.-  Variation  of  lateral  force  and  moment  coefficients  with  sideslip  angle.  Basic 
fin  configuration;  auxiliary  flaps  in  the  subsonic  position;  6a  = 0°. 
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(b)  M = 0.50. 
Figvire  15.-  Continued. 
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(c)  M = 0.60. 
Figure  15.-  Continued. 
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(d)  M = 0.70, 
Figxire  15.-  Continued. 
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(e)  M = 0.80. 
Figure  15.-  Concluded, 
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(a)  M = 0.40. 

Figure  16.-  Longitudinal  characteristics  of  HL-10  with  basic  fin  configuration.  Auxiliary  flaps  in 

transonic  position;  6a  = /3  = 0°. 
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Figure  16.-  Continued. 
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Figure  16.-  Continued. 
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Figvire  16.-  Continued. 
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Figure  16.-  Concluded. 


a, deg 

(a)  6e  = -5°;  M = 0.40. 

Figure  17.  - Effect  of  sideslip  on  the  lateral  directional  characteristics.  Basic  fin 
configuration;  auxiliary  flaps  in  the  transonic  position;  6a  = 0®. 
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(b)  6e  = -5®;  M = 0.60 
Figure  17.-  Continued. 
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a,deg 

(c)  6e  = -5°;  M = 0.70. 
Figure  17.-  Continued. 
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(e)  5e  = -5°;  M = 0.85 
Figure  17.-  Continued. 


a, deg 


(f)  6e  = -5°;  M=0.90 
Figure  17.-  Continued. 
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(g)  6e  = 10°;  M = 0.40 
Figure  17.-  Continued. 
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(h)  6e  = 10°;  M = 0.60 
Figure  17.-  Continued. 
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a, deg 

(i)  6e  = 10°;  M = 0.70. 
Figure  17.-  Continued, 
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(j)  5e=10O;  M = 0.80, 
Figure  17.-  Continued. 
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(k)  6g  = 10°;  M = 0,85 
Figure  17.-  Continued, 
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(1)  6e  = 10°;  M = 0.90 
Figure  17.-  Continued. 
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(m)  6e  = 20°;  M = 0.40. 
Figure  17.-  Continued. 


a,  deg 


(n)  6e  = 20°;  M = 0.60, 
Figure  17.-  Continued. 
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(p)  6e  = 20®;  M = 0.80. 
Figure  17.-  Continued. 
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(q)  6e  = 20°;  M = 0,85 
Figure  17,-  Continued. 


a, deg 


(r)  6e  = 20O;  M = 0.90 
Figure  17.-  Concluded. 
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-5  0 5 to  15  20  25  30 


a,deg 

(a)  6e  = -5°;  M = 0.40. 

Figure  18.  - Effect  of  aileron  deflection  on  the  lateral  force  and  moment  characteristics. 
Basic  fin  configuration;  auxiliary  flaps  in  the  transonic  position;  ^ = 0°. 
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(b)  6e=-5°;  M=0.60, 
Figure  18.-  Continued. 
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(c)  6e  = -5°;  M = 0.70 
Figxire  18,-  Continued. 


(d)  6e  = -5°;  M = 0,80. 
Figiire  18.-  Continued. 
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(e)  6e  = -5°;  M = 0.85. 
Figure  18.-  Continued. 
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(f)  6e  = -5°;  M = 0.90. 
Figxire  18.-  Continued. 


175 


- 5 0 5 10  15  20  25  30 

a , deg 


176 


(g)  M = 0.40. 
Figure  18.-  Continued, 


a,deg 


(h)  M = 0.60, 
Figure  18.-  Continued, 
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(i)  M = 0.70. 
Figure  18,-  Continued. 
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(j)  M = 0.80. 

Figure  18.-  Continued. 
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(k)  M = 0.85. 
Figure  18.-  Continued, 
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(1)  M = 0.90. 
Figure  18.-  Continued, 
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(m)  6^=20°;  M = 0.40, 
Figxire  18.-  Continued. 
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(n)  6e  = 2Q0;  M = 0.60. 
Figure  18.-  Continued. 
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(o)  5e  = 20°;  M = 0.70. 
Figure  18.-  Continued. 


-5  O 5 to  15  20  25  30 

a, deg 


(p)  6e  = 20°;  M = 0.80, 
Figure  18,-  Continued. 
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(q)  6e  = 20°;  M = 0.85. 
Figure  18.-  Continued. 


Q , deg 


(r)  6e  = 20°;  M = 0.90 
Figure  18.-  Concluded. 
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(c)  M = 0.70. 
Figure  19.-  Continued, 


a, deg 


(d)  M = 0.80. 
Figure  19.-  Continued. 
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(f)  M = 0.90. 
Figure  19.-  Concluded, 
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Figure  20.  - Longitudinal  characteristics.  Modification  I fin  configuration;  auxiliary  flaps  in  the  subsonic  position; 


Se.deg 


195 


Figure  20.-  Continued. 
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Figure  20.-  Continued. 
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Figure  20.-  Continued. 
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Figiire  20.-  Concluded. 
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Figure  21.-  Longitudinal  characteristics  at  sideslip.  Modification  I fin  configuration;  auxiliary  flaps  in  the 

subsonic  position;  6^  = 
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Figvire  21.-  Continued. 
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Figure  21.-  Continued. 
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Figure  21,-  Continued. 
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Figure  21.-  Continued. 
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Figure  21.-  Concluded. 
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Figure  22.  - Longitudinal  characteristics  with  ailerons  deflected.  Modification  I fin  configuration;  auxiliary  flaps 

in  subsonic  position;  = 0®, 
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Figure  22.-  Continued. 
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Figure  22.-  Continued. 
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Figure  22.-  Continued. 
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Figure  22.-  Continued. 
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Figure  22.-  Continued. 


Se.deg 


215 


Figiire  22.-  Continued. 


9 

O 

CD 

9 

O 

n 

o" 

o 

<N 

11 

ci 

CO 

3 


216 


Figure  22.-  Continued. 
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Figure  22.-  Continued. 
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Figijre  22.-  Concluded. 
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Figure  23.-  Continued. 
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Figure  23.-  Continued. 
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Figvtre  23.-  Continued. 
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Figure  23.-  Continued. 
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Figiire  23.-  Continued. 
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Figiire  23.-  Continued. 
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Figure  23.-  Continued. 
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Figure  23.-  Continued. 
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= -2.3°;  6a  =10°;  M=0.60. 
Figure  23.-  Continued. 
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Figure  23.-  Continued. 
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Figure  23.  - Continued. 
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Figure  23.-  Continued. 
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Figure  23.-  Continued. 
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Figure  23.-  Concluded, 


(a)  6a  =0°;  M=0.35. 

Figure  24.  - Variation  of  the  lateral  force  and  moment  coefficients  with  angle  of  attack 
for  several  aileron  deflections.  Modification  I fin  configuration;  auxiliary  flaps  in 
the  subsonic  position;  ^ = 0°. 


256 


(e)  /3=2.3°;  M = 0.80. 
Figvire  25.-  Continued. 
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(i)  j3  = -2.3°;  M = 0.70. 
Figure  25.-  Continued. 


■■^-5  0 5 to  15  20  25  30 


a^deg 

(a)  iS=2.30;  6a  =10°;  M=0.35. 

Figure  26.  - Variation  of  the  lateral  force  and  moment  coefficients  with  angle  of  attack 
for  combined  aileron  deflection  and  sideslip.  Modification  I fin  configuration; 
auxiliary  flaps  in  the  subsonic  position. 
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a,  deg 


(d)  |8  = 2.3°;  6a  = 10°;  M = 0.70 
Figure  26,-  Continued. 
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(e)  ^ = 2.3°;  5a  = 10°;  M = 0.80. 
Figure  26.-  Continued. 
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(f)  /3  = 2.3°;  5a  = 20°;  M = 0.35. 
Figure  26.-  Continued. 
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(i)  i3=2.3°;  5^=20°;  M = 0,70. 
Figure  26.-  Continued. 
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(m)  ^ = -2.3°|  6a  = 10°;  M = 0.60. 
Figure  26.-  Continued. 
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a, deg 

(o)  ^ = -2o30;  6a  = 20°;  M = 0.35. 
Figure  26.-  Continued. 
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(p)  /3  = -2.3O;  6a  = 20°;  M = 0.50. 
Figiire  26.-  Continued. 
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(a)  6a  =0°;  M = 0.35. 

Figixre  27,  Variation  of  the  lateral  force  and  moment  coefficients  with  sideslip  angle. 
Modification  I fin  configuration;  auxiliary  flaps  in  the  subsonic  position;  a = 7°, 
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(b)  6a  =0°;  M=0.50. 

Figure  27,-  Continued. 
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(c)  6a  =0°;  M = 0.60, 
Figure  27.-  Continued. 
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(e)  5a  =0°;  M = 0.80, 
Figure  27.-  Continued. 


y)  6a  =10°;  M = 0.50 
Figure  27,-  Continued. 
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(c)  6a  =0°;  M = 0.60, 
Figure  28.-  Continued, 


(d)  6a  =0°;  M=0.70 
Figxire  28.-  Continued, 


[j)  6a  = 10°;  M = 0.80 
Figure  28.-  Concluded. 


Figure  29.  - Longitudinal  characteristics  with  modification  I fin  configuration.  Auxiliary  flaps  in  transonic 


Figure  29.-  Continued, 


;s  at  sideslip.  Modification  I fin  configurati( 
sonic  configuration:  6a  = 0®. 


Figure  30.-  Continued. 


Figure  30.-  Continued. 
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Figure  30.-  Continued. 


$ § Q s ^ iQ 


O □ O 


$ ^ ^ ^ ^ 

■ 


^i 


5 S ^ 


qd 


^ G" 


CM 

r 


C\J 


^ 

I*  I 


o 

t- 

• 

o 

II 

• »\ 
o 

CO 

ca 

II 

ca 

s 


309 


Figure  30.-  Continued. 
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Figvire  30.-  Concluded. 


(a)  M = 0.60. 

Figure  31.-  Longitudinal  characteristics  with  ailerons  deflected  10*^.  Modification  I fin  configuration 

axixiliary  flaps  in  transonic  position;  /3  = 0°. 


Figure  31.-  Continued, 


Figure  31.-  Concluded, 


configuration;  auxiliary  flaps  in  transonic  position. 


Figure  32.“  Continued. 
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Figure  32.-  Continued. 
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Figure  32.-  Continued. 
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Figure  32.-  Continued. 
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Figure  32,-  Continued. 
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Figure  32.-  Concluded. 
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Figvire  33.-  Variation  of  the  lateral  force  and  moment  coefficients  with  angle  of  attack 
for  several  aileron  deflections.  Modification  I fin  configuration;  auxiliary  flaps  in 
the  transonic  position;  ^ = 0*^. 
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a,  deg 


(b)  6a  = 0°;  M = 0.70, 
Figure  33.-  Continued, 
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a,  deg 


(d)  6a  =0°;  M = 0.90. 
Figure  33.-  Continued. 
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(e)  6a  = 10°;  M = 0.60, 
Figvire  33,-  Continued. 
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(g)  6a  =10°;  M = 0,80, 
Figure  33.-  Continued. 
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Figure  34.-  Variation  of  the  lateral  force  and  moment  coefficients  with  angle  of  attack 
for  sideslipped  conditions.  Modification  I fin  configuration;  auxiliary  flaps  in  the 
transonic  position;  6^  = 0°. 
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(b)  j8  = 2.3°;  M = 0.70, 
Figure  34.-  Continued. 
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(f)  |8  = -2.3°;  M = 0.80. 

Figure  34.-  Continued. 
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(g)  /3  = -2.3°;  M = 0.90. 
Figure  34.-  Concluded. 
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(b)  /3  = 2.3°;  6a  = 10°;  M = 0.70. 
Figure  35.-  Continued. 
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(g)  i3=-2.3°;  6a  =10°;  M = 0,80. 
Figure  35,-  Continued, 
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Figure  36.  - Longitudinal  characteristics  modification  II  fin  configuration.  Auxiliary  flaps  in  the  subsonic 

position;  6a  = = 0°. 
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Figure  36.-  Continued. 
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Figure  36.-  Continued, 
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Figure  36.-  Concluded. 
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Figure  37.-  Longitudinal  characteristics  at  sideslip.  Modification  II  fin  configuration;  auxiliary  flaps  in  the 

subsonic  position;  6a  = 0°. 
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Figure  37.-  Continued. 
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Figure  37.-  Continued. 
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Figure  37.-  Continued. 
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Figure  37.-  Continued. 
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Figure  37.-  Continued. 
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Figure  37.-  Concluded. 
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Figure  38.-  Continued. 
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Figure  38.-  Continued. 
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Figure  38.-  Continued. 


Figure  38.-  Continued. 
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Figure  38.-  Continued. 
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Figure  38.-  Continued. 
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Figure  38.-  Concluded. 


a,  deg 


(a)  6a  = 0O;  M=0.35. 

Figure  39.-  Variation  of  the  lateral  force  and  moment  coefficients  with  angle  of  attack 
for  several  aileron  deflections.  Modification  n fin  configuration;  auxiliary  flaps  in 
the  subsonic  position;  ]3  = 0°. 


a,  deg 


(b)  6a=0O;  M=0.50. 
Figure  39.-  Continued. 
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(c)  6a  = 0°;  M = 0.60. 
Figure  39,-  Continued. 


(d)  6a  = 0°;  M = 0.70. 
Figure  39.-  Continued, 
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(e)  6a  =0°;  M = 0.80. 
Figure  39.-  Continued. 


a,  deg 
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(g)  6a  =10°;  M=0.50, 
Figure  39.-  Continued. 
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(j)  6a  =10°;  M=0,80, 
Figiire  39,-  Concluded, 
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-5  O 5 to  15  20  25  30 

a,  deg 

(a)  ^=2.3°;  M=0.35. 

Figure  40.-  Variation  of  the  lateral  force  and  moment  coefficients  with  angle  of  attacl 
for  sideslipped  conditions.  Modification  II  fin  configuration;  auxiliary  flaps  in  the 
subsonic  position;  6^  “ 
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(b)  /3  = 2,30;  M=0.50, 
Figtire  40,-  Continued, 
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(c)  ^ = 2,30;  = 0,60, 

Figure  40.-  Continued, 


a,  deg 


(d)  j3  = 2.3°;  M = 0.70. 
Figure  40,  - Continued. 
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(e)-  )3=  2.30;  M=  0.80. 
Figure  40.-  Continued. 
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(g)  iS=-2.30;  M = 0.50. 
Figure  40,-  Continued. 
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(i)  j8  = -2.30;  M = 0.70, 
Figure  40,-  Continued, 


(e)  ^ = 2.3°;  5a  = 10°;  M = 0,80. 
Figure  41.-  Continued. 
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a,  deg 


(f)  ^ = 2.3°;  6a  = 20°;  M = 0,35. 
Figure  41.-  Continued. 
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Figure  41.-  Continued. 
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(h)  ^ = 2.3°;  6a  = 20°;  M = 0.60. 
Figure  41.-  Continued. 
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a,  deg 

(i)  iS  = 2.3°;  6a  = 20°;  M = 0„70, 
Figure  41,-  Continued. 
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(j)  ^ = 2.3°;  6a  = 20°;  M = 0.80. 
Figxire  41.-  Continued, 
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(k)  jS  = -2.3°;  6a  = 10°;  M = 0.35. 
Figure  41.-  Continued. 
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a,  deg 

jS  = -2.3°;  6a  = 10°;  M = 0,50, 
Figure  41.-  Continued. 
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a,  deg 


(m)  ^ = -2,3°;  6a  = 10°;  M = 0.60. 
Figvire  41.-  Continued. 
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a,  deg 

(n)  ^ = -2.3°;  6^  = 10°;  M = 0.70. 
Figure  41,-  Continued. 
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a,  deg 


(o)  /3  = -2.3O;  6a  = 10°;  M = 0.80. 
Figure  41.  ~ Continued. 
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(p)  /3  = -2,3°;  6a  = 20°;  M = 0.35. 
Figure  41.-  Continued. 
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a,  deg 


(q)  13  = -2.3°;  6a  = 20°;  M = 0,50, 
Figure  41.-  Continued, 
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a,  deg 

(s)  iS  = -2.30;  6a  = 20°;  M = 0,70. 
Figiare  41.-  Continued. 
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-5  0 5 to  15  20  25  30 

a,  deg 

(t)  ^ = -2.3°;  3a  = 20°;  M = 0.80. 
Figtire  41.-  Concluded, 
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^,deg 

(a)  M = 0.35. 


Figure  42.-  Variation  of  the  lateral  force  and  moment  coefficients  with  sideslip  ai^le. 
Modification  n fin  configuration;  auxiliary  flaps  in  the  subsonic  position;  a = 7°; 

6e  = -10° 
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(a)  M=0.35, 


■ igure  43.-  Variation  of  the  lateral  force  and  moment  coefficients  with  sideslip  ar^le. 
Modification  II  fin  configuration;  auxiliary  flaps  in  the  subsonic  position;  a.  = 17°. 
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(b)  M=0.50, 
Figiire  43.-  Continued. 
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0-10  0 


(e)  M = 0.80. 

Figiire  43.-  Concluded. 
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Figure  44.  - Longitudinal  characteristics  with  modification  II  fin  configuration.  Auxiliary  flaps  in  transonic 

position;  /3  = 6a  " 
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Figure  44.-  Continued. 
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Figure  44.-  Concluded, 
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(a)  j3=2.30;  M = 0.60. 

Figure  45.-  Longitudinal  characteristics  at  sideslip.  Modification  II  fin  configuration;  auxiliary  flaps  in 

transonic  configuration;  6^  = 0^. 
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Figiire  45.-  Continued. 
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Figure  45.-  Continued. 
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Figvire  45.-  Continued. 
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auxiliary  flaps  in  transonic  position; 
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Figure  46.-  Continued. 
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re  47.  - Longitudinal  characteristics  with  combined  aileron  deflection  and  sideslip  angle.  Modification 

fin  configuration;  auxiliary  flaps  in  transonic  position. 
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Figure  47.  - Continued, 
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Figure  47,-  Continued. 
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Figiare  47.  - Continued. 
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Figure  47.-  Continued. 
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Figure  47.-  Concluded. 


(a)  6a  =0°;  M = 0.60. 

Figure  48.-  Variation  of  the  lateral  force  and  moment  coefficients  with  angle  of  attack 
for  several  aileron  deflections.  Modification  II  fin  configuration;  auxiliary  flaps 
, in  the  transonic  position;  |3  = 0°. 
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-5  0 5 10  15  20  25  30 

a,deg 

(b)  6a  =0°;  M=0.70. 

Figure  48.-  Continued. 
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-5  O 5 m 15  20  25 

a,  deg 


(a)  /3=2.3°;  M=0.60, 

Figure  49.  - Variation  of  the  lateral  force  and  moment  coefficients  with  angle  of  attack 
for  sideslipped  conditions.  Modification  II  fin  configuration;  auxiliary  flaps  in  the 
transonic  position;  6a  = 0°. 
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Se.deg 

O 

5 

10 


a,  deg 


(h)  ^=-2.3°;  M = 0.90. 
Figure  49.-  Concluded. 
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-5  O 5 to  15  20  25 

a,  deg 


(a)  )3  = 2.3O;  6a  = 10°;  M = 0.60. 

Figure  50.  - Variation  of  the  lateral  force  and  moment  coefficients  with  angle  of  attacl 
for  combined  aileron  deflection  and  sideslip  angle.  Modification  n fin  configura- 
tion; auxiliary  flaps  in  the  transonic  position. 
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a,  deg 

(b)  ^ = 2.3°;  6a  = 10°;  M = 0.70. 
Figure  50.-  Continued. 
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(c)  /3=2,30;  6a  =10°;  M=0.80. 
Figure  50.-  Continued. 


(e)  ^ = -2.3°;  6a  = 10°;  M = 0.60. 
Figure  50.-  Continued. 
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G,  deg 


(h)  /3  = -2.3°;  6a  = 10°;  M = 0.90. 
Figure  50.-  Concluded. 
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Fiffure  51- - Cnntlmifid- 
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{^ii)h  = (foijR  = 0°;  {^ii)R  = (6of)L  = 32' 
Figure  51.-  Continued. 
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Figure  51.-  Continued. 
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(g)  63(  = 0°;  (6u)l  = («of)L  = 16";  (6u)r=32";  («of)R=  16° 


§ 


§ 


§ 


477 


(a)  6ef  = 13°;  6jf  = 32°;  S^f  = 0°, 

Figure  52.-  Longitudinal  aerodynamic  characteristics  of  the  HL-10  with  modification  II  fin  configuration. 
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Figure  52.-  Continued. 
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Figure  52.-  Continued, 
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Figure  52.-  Concluded. 
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(a)  6ef  = 13°;  6if  = 0°;  5of  = 32°;  Sg  = -5°. 

Figure  53.-  Longitudinal  characteristics  of  the  HL-10  for  several  aileron  deflections 
with  asymmetric  deflection  of  auxiliary  flaps.  Modification  II  fin  configuration; 

|3  = 0°;  M = 0.60. 
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(b)  6gf  = 13°;  = (^of)R  = (^if)R  = (^of)L  ~ 

Figure  53.-  Continued. 
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(c)  6gf  = -8°;  = (6of)R  = (6if)R  = (5of)L  = 32°;  5q  = -lO' 

Figure  53.-  Concluded. 
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(a)  6gf  — 8*^;  6if  = 32®;  6of  = 0^. 

Figure  54,-  Effect  of  aileron  deflection  on  the  longitudinal  characteristics  of  the  HL-10 
for  several  eleven  deflections  with  asymmetric  deflection  of  auxiliary  flaps.  Mod- 


m 


485 


Figure  54.-  Continued, 
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Figure  54.-  Concluded, 
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Figure  55.-  Effect  of  deflecting  one  of  the  eleven  flaps  on  the  longitudinal  character- 
istics of  the  HL-10.  Modification  II  fin  configuration;  )3  = 0°;  M = 0,60. 
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(c)  6ef  = 13°;  = (6of)L  = 

Figure  55.-  Concluded. 
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491 


Figure  56.-  Concluded, 


a,  deg 


(a.)  6gf  — -8*^;  — 0*^;  Sgf  — 32*^. 

Figure  57.-  Lateral  aerodynamic  characteristics  of  the  HL-10  with  various  degrees 
of  deflection  on  the  auxiliary  flaps.  Modification  II  fin  configuration;  5a  = j3  = 0° 
M = 0.60. 
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a,  deg 
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(c)  6gf  = -8°;  6if  = 16°;  6of  = 16°. 
Figure  57.-  Continued. 
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a,  deg 


(d)  6ef  = -8°;  (6if)L  = (5of)R  = 0°;  (6if)R  = (6of)L  = 32°. 
Figure  57.-  Continued. 
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a,  deg 

(e)  (6ef)L=-8'';  (6ef)R=13°;  6if  = 0°;  6of  = 32° 

Figxire  57.-  Continued. 
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a,  deg 

(f)  Ml  = 3°;  Mr  =12°’  6if=0°;  6of  = 320 
Figure  57.-  Continued, 
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a,deg 

(g)  5gf  = -8°;  “ (®of)L  ~ (^if)R  ~ 32°; 

Figure  57.-  Concluded. 
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-4  0 4 8 12  16  20  24  28 

a,  deg 


(a)  6ef  = 13°;  6if  = 32°;  6of  = 0°. 

Figure  58.-  Lateral  aerodynamic  characteristics  of  HL-10  with  modification  II  fin 

configuration.  6a  = = 0°;  M = 0.60. 
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a,  deg 


500 


(^)  ^ef  “ 13*^5  6jj  — 0*^5  Sqj  — 32®, 
Figure  58.-  Continued. 


-4  O 4 8 12  16  20  24  28 


a,  deg 


(c)  6ef  = 3O;  6if  = QO;  6of  = 32°. 
Figure  58.-  Continued, 
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(d)  6gf  = 13°;  (6if)L  = (Sof)^  = 0°;  = (6of)L  = ^2°. 

Figiire  58.-  Concluded. 
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a,  deg 

(a)  6gf  = 13°;  6y  = 0°;  = 32°;  6^  = -5°. 

Figure  59.-  Lateral  characteristics  of  the  HL-10  for  several  aileron  deflections  with 
asymmetric  auxiliary  flap  deflections.  Modification  II  fin  configuration;  jS  = 0°; 
M = 0,60. 
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a,  deg 

6ef  = 13°;  (6if)L  = (6of)R  = 0°^  = {^of)h  = 32°;  5q  = -5°. 

Figure  59.-  Continued. 


a,  deg 

(c)  6ef=-8“;  (5if)L=  {6of)R=0“;  (6u)r  = (8of)L  = 32“;  5e  = -10“. 

Figure  59.-  Concluded. 
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a,  deg 

(a)  6ef  = -8°;  6^  = 32°;  6of  = 0° 

Figure  60.-  Effect  of  aileron  deflection  on  the  lateral  characteristics  of  the  HL-10  for 
several  elevon  deflections  with  asymmetric  deflection  of  auxiliary  flaps.  Modi- 
fication II  fin  configuration;  |3  = 0°;  M = 0.60. 
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a,  deg 


(t>)  (5ef)L  — (^ef)R  ~ 13*^;  S^f  - 0°;  6of  - 32*^. 
Figure  60.-  Continued, 
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a,  deg 


(c)  Ml=-8°;  Mr  =13°;  5if=0°;  6of  = 32° 
Figure  60,-  Concluded. 


508 


.04 


.02 
Q O 


-.02 


-.04 


.04 
.02 
Cn  O 


-.02 


-.04 


.2 

./ 

Cy  O 
-./ 
-.2 


-4  O 4 8 12  16  20  24  28 

a,  deg 


(^)  (^ef)R  — ’ ®if  “ 32*^;  6q£  - 0*^;  6g  — 10  , 

Figure  61,-  Effect  of  deflecting  one  of  the  eleven  flaps  on  the  lateral  characteristics 
of  the  HL-10,  Modification  II  fin  configuration;  j3  = 0°;  M = 0.60. 
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(b)  (6ef)L  = 3°;  6if  = 32°;  6of  = 0^;  6e  = -10° 
Figure  61.-  Continued, 
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■^-4  0 4 8 12  16  20  24  28 

a,deg 


(c)  6ef  = 13°;  (6if)L  = (6of)L  = 16°;  6g  = -5° 
Figure  61.-  Concluded. 
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a,  deg 

(a)  6if  = 32°;  = 0° 

Figure  62.-  Effect  of  combined  aileron  and  elevon  deflection  on  the  lateral  character- 
istics of  the  model  for  several  auxiliary  flap  deflections.  Modification  n fin  con- 
figuration; /3  = 0°;  M = 0.60. 
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a,  deg 

(b)  6if=32°;  6of  = 0° 

Figure  62,-  Concluded. 
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(a)  M = 0.35. 

Figure  63.-  Variation  of  rolling-moment  coefficient  with  sideslip  angle  for  several 
elevator  angles  on  the  basic  configuration  of  the  HL-10  at  angles  of  attack  of 
Of  = 17°.  Subsonic  configuration. 
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(c)  M = 0.60. 
Figure  63.-  Continued. 


Sa.deg 
o O 

D 10 


fi.deg 


(d)  M = 0.70, 
Figure  63.-  Continued. 
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(e)  M = 0.80. 
Figure  63.-  Concluded. 


-8  -6  -4  -2  0 2 4 € 8 


jS.deg 

(a)  Variation  of  with  /3.  M = 0.35. 

Figure  64.-  Variation  of  rolling-  and  yawing -moment  coefficients  with  sideslip  angle 
for  several  eleven  angles  on  modification  I of  the  HL-10  at  an  angle  of  attack  of 
a - 17°.  Subsonic  configuration. 
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-8  -6  -4  -2  0 2 4 6 8 

j8,deg 


(e)  Variation  of  with  M = 0.80. 
Figure  64.-  Continued. 
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/S,deg 
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(f)  Variation  of  with  /3.  M = 0.35 
Figure  64,-  Continued, 


-8  -6  -4  -2  O 2 4 6 8 

/S,deg 
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(h)  Variation  of  with  j3.  M = 0.60. 
Figure  64.-  Continued. 


^,deg 

(i)  Variation  of  with  j8.  M = 0.70. 
Figure  64.-  Continued. 


fi.deg 
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(j)  Variation  of  Cn  with  /3,  M = 0.80 
Figure  64.-  Concluded, 


A,  deg 


M‘0.35 


M‘0.50 


M=0.60 


M ‘0.70 


M‘0.80 


(a)  Variation  of  with  jS. 

Figure  65.-  Variation  of  rolling-  and  yawing -moment  coefficients  with  sideslip  angle 
for  an  elevon  angle  6e  = -10°  and  an  angle  of  attack  a = 7°.  Modification  I; 
subsonic  configuration. 
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fi,deg 

(a)  Variation  of  with 


Figure  66.-  Variation  of  rolling-  and  yawing-moment  coefficients  with  sideslip  angle 
for  an  elevon  angle  of  6©  = -15°  and  an  angle  of  attack  of  a = 17°.  Modifica- 
tion II;  subsonic  configuration. 
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(b)  Variation  of  Cn  with  jS, 
Figure  66.-  Concluded. 


j3,deg 

(a)  Variation  of  with  /3, 


Figure  67.-  Variation  of  rolling-  and  yawing-moment  coefficients  with  sideslip  angle 
for  an  elevon  angle  of  6©  = -10®  and  an  angle  of  attack  of  o!  = 7®.  Modifica- 
tion n;  subsonic  configuration. 
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j3 , deg 
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(b)  Variation  of  with  /3. 
Figure  67.-  Concluded. 


°trim 


(a)  Variation  of  C^.  with  atrial*  Modification  I. 

Figure  68.  - Sumnaary  of  the  effect  of  modifications  I and  II  on  the  lateral  control 
characteristics  of  the  HL-10  as  a function  of  trimmed  angle  of  attack.  Sub- 
sonic configuration. 


/B,  deg  Configura  f ion 

® O Basic 

o O Mod.  I 


-4  0 4 8 12  16  20  24  28  32 

^trim 

(b)  Variation  of  Cn^  with  atrim*  Modification  I, 
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Figure  68.-  Continued, 


/S,deg  Configuration 


°trim 

(c)  Variation  of  with  Modification  II. 

Figure  68.-  Continued. 
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j8,deg  Con  figurafic 
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(d)  Variation  of  with  CHtrim-  Modification  n. 
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Figure  68,-  Concluded. 


(a)  Variation  of  with  atrim* 


Figure  69.  - Summary  of  the  effect  of  modifications  I and  II  on  the  lateral  directional 
characteristics  of  the  HL-10  as  a function  of  trimmed  angle  of  attack. 
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(b)  Variation  of  Cn^  with  o;trim» 
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Figure  69.-  Concluded, 


Configuration 


Bosic 

Modi 

ModU 


(a)  M = 0.35. 

Figure  70.-  Summary  of  the  longitudinal  aerodynamic  characteristics  of  modifications  I 
and  II  compared  with  the  basic  HL-10.  Subsonic  configuration. 
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Configurat. 
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(b)  M = 0.50. 
Figure  70.-  Continued, 


Configuration 


‘‘trim 


Basic 
Mod.  I 
Mod.n 


(c)  M = 0.60, 
Figure  70.-  Continued 
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(d)  M = 0.70. 
Figure  70.-  Concluded. 


-8  -6  -4  -2  0 2 4 6 8 

/S.deg 

(a)  Q!  = 7°;  6e  = 10°. 


Figure  71.-  Variation  of  rolling-  and  yawing -moment  coefficients  with  sideslip  angle, 

Modification  I;  transonic  configuration. 
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546 


(a)  Concluded. 
Figure  71.-  Continued, 


(b)  a = 17*^;  6e  = 5°. 
Figure  71.-  Continued. 
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/S.deg 
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(b)  Concluded. 
Figure  71.-  Concluded. 


Figure  72,-  Variation  of  rolling-  and  yawing -moment  coefficients  with  sideslip  angle. 
Modification  II;  transonic  configuration;  a = 17°;  6e  = 5°. 
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Figure  74.-  Continued, 
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(c)  Variation  of  with  a.  Modification  II. 
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Figure  74.-  Continued, 


555 


/8,deg  Configuration 

Basic 
Mod.n 
Mod.n 
Mod.  E 
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(d)  Variation  of  Cng  with  a.  Modification  II. 


Figure  74.-  Concluded, 


a trim ’deg 


(a)  M = 0.60, 

Figure  75.-  Summary  of  the  effect  of  modifications  I and  n on  the  longitudinal  charac- 
teristics, Transonic  configuration. 
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(b)  M = 0.70, 
Figure  75.-  Continued, 
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(d)  M = 0.90. 
Figure  75.-  Concluded. 


NASA-Langley,  1971  1 Li-743 


' ##  4;  w^/ 


f^' 


'% . 


iHii 


MiMpj^aiiPPWp^ 


^If ' 


|//^,  ^ > './ 


V4/<^^  ' Hfe'''' ' ' ,;;.'v4. 


'.>  \ /4  vi®4^:£a| 


r ;•  ;'--Jv‘5r';v'.  . 

?■ -<'>'■  |ffe;sv^/Ji 

'''■-'-  vi-lw'i'''  ’ ^'“^t ’-"^V^'U^^v...,,,^. 


T*- 


’4j/^  >. 


!##' 


■ 


il 


’^.s^  t'' ' 


" - IV4 


'wW-X 


